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Introduction

Histologic transformation (HT) refers to a biologic event leading to the development of a high grade non-
Hodgkin lymphoma, mostly diffuse large B-cell lymphoma (DLBCL), in patients with an underlying indolent
lymphoma, a follicular lymphoma (FL) in most cases. Despite an increasing amount of data on biology
(Bouska et al, 2016; Pasqualucci et al ,2014; Blaker et al, 2016; Brodtkorb et al, 2014), incidence (Bastion et
al, 1997; Al-Tourah et al, 2008; Montoto et al, 2007; Conconi et al; 2012) and predictive factors (Wagner-
Johnston et al, 2016; Alonso-Alvarez et al, 2017) of FL transformation to DLBCL, the disease course,
prognosis and optimal treatment for this heterogeneous disease entity are still to be fully defined. The
potential role of autologous stem cell transplantation (ASCT) and of rituximab maintenance in the
treatment algorithm are the most controversial and debated topics (Montoto, 2015). Moreover, very few
reports have focused on the rather frequent cases of FL with signs of transformation at initial histological
diagnosis, and consequently scanty information about optimal management in this setting is available.
These cases include composite lymphomas, defined as the presence of areas FL and DLBCL in a single tissue
sample, discordant lymphomas, defined as the concomitant diagnosis of FL and DLBCL at two or more
separate anatomic sites, and also some cases of DLBCL which can be considered as FL diagnosed at the time
of transformation. This rare condition is characterized by the absence of an overt clinical history of indolent
lymphoma and by the recognition of a concomitant follicular cell component in the same tissue sample
which allowed DLBCL diagnosis. Histological examination is considered the gold standard for establishing
the diagnosis of FL transformation (Montoto, 2015). Considering that performing a biopsy at every clinical
suspicion of FL transformation might be difficult, some published series have included cases of transformed
FL (tFL) diagnosed on cytologic examination (Bastion et al, 1997), or simply based on clinical suspicion of
transformation (Al-Tourah et al, 2008; Wagner-Johnston et al, 2015). The retrospective nature of most
studies and the variability of tFL definition might explain the discrepancies that emerged both in the
assessment of the risk of HT for FL, which ranged from 8% to 31% at 10 years, and in the historically
reported risk of HT per year, from 2% to 3% per year (Bastion et al, 1997; Al-Tourah et al, 2008; Montoto et
al, 2007; Alonso-Alvarez et al, 2017). The impact of rituximab use on HT incidence is also controversial:
some large series showed a similar risk of HT in the post-rituximab compared to the pre-rituximab era
(Wagner-Johnston et al, 2015; Conconi et al; 2012), while other data suggest a decreased HT incidence in
the rituximab-exposed FL population (Alonso-Alvarez et al, 2017; Link et al, 2013; Federico et al, 2018). The
prognosis of tFL, previously considered very poor with a median survival of approximately 1 year (Al-Tourah
et al, 2008; Montoto et al, 2007), has improved in the immuno-chemotherapy era, as clearly demonstrated
by trials conducted after the introduction of rituximab; however, in the rituximab-era post-transformation
outcome strongly varies between studies, with a reported 5-year OS ranging from 41% to 75% (Wagner-
Johnston et al, 2015; Link et al, 2013; Federico et al, 2018; Ban-Hoefen et al, 2013; Guirguis et al, 2014;
Madsen et al, 2015; Gleeson et al, 2016). Despite these improvements, the optimal treatment for patients
with tFL, who are generally excluded from clinical trials both for indolent and aggressive lymphomas, is still
controversial. Treatment approaches for tFL are often individualized, and more often strategies routinely
used for DLBCL are applied (Montoto, 2015). The actual role of ASCT as consolidation in all eligible tFL
patients is one of the most debated points, considering the excellent outcome reported in some studies
after standard immuno-chemotherapy, especially in anthracycline-naive patients (Link et al, 2013; Ban-
Hoefen et al, 2013; Gleeson et al, 2016). Therapeutic strategies in tFL presenting as composite or
discordant lymphoma are even less well defined, mainly due to the rarity of these entities (Kim et al, 1977;
Mokthar, 2007). The efficacy of additional rituximab maintenance after anthracycline-containing immuno-
chemotherapy in composite/discordant lymphomas is a most debated issue, although a recently published
retrospective study did not show a survival advantage for patients who received rituximab maintenance
(Kansara et al, 2016). In addition, a standard treatment modality for those patients presenting with
transformed DLBCL at initial diagnosis, hence in the absence of overt clinical history of indolent lymphoma
has not been established as well (Ghesquieres et al, 2006), and the advantage to distinguish them from de
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novo DLBCL is unclear. Histological transformation may occur in quite different phases of FL clinical history.
Therefore some patients’ features at transformation, like age, time from initial diagnosis, number and
characteristics of pre-HT therapies, confer heterogeneity to tFL population and may strongly impact
treatment strategies and arguably influence post-transformation prognosis (Link et al, 2013; Guirguis et al,
2014).

Considering all the aforementioned uncertainties in defining the disease course and the optimal treatment
strategy for transformed and composite/discordant FL, we retrospectively collected histologically
confirmed tFL and composite/discordant FL consecutive patients from 9 centers of the Fondazione Italiana
Linfomi (F.l.L.) whose detailed clinical histories throughout the disease course were available. We assessed
the clinical characteristics of patients at transformation, including type of transformation, pre-HT number
of therapies, time to transformation, in order to determine their effect on post-HT survival; additionally, we
analyzed post-transformation therapies, focusing on the role of anthracycline, rituximab maintenance and
ASCT, with the aim to identify treatment strategies which can impact post-transformation outcome.

Patient and Methods

Study population

Consecutive patients aged = 18 years with histologically proven transformation of FL (grade 1-3A) to DLBCL
or composite/discordant lymphoma with FL (grade 1-3A) as low-grade and DLBCL as high-grade component
were retrospectively identified from participating centers’ institutional datasets. Patients with FL grade 3B
or HIV infection were excluded. Patients were included in the present analysis if first diagnosis in the
composite/discordant population or transformation in the tFL population occurred in the timeframe from
2002 to 2014. The study was approved by the Institutional Review Board at each site and registered on
ClinicalTrials.gov (identifier: NCT02927756). Data management and analysis were performed in accordance
with the tenets of the Declaration of Helsinki, as revised in 2000. Pathology reports were reviewed by local
investigators in order to confirm transformation. Clinical, treatment and outcome data were gathered from
clinical records. Outcome measures were considered overall response rate, complete remission rate,
progression-free survival, and overall survival. Response to treatment was evaluated according to the
revised international criteria for malignant lymphomas (Cheson et al, 2007).

Definition of Histological Transformation

Patients were required to meet at least one of the following definitions of HT to be included in the study: (1)
co-existence of FL and DLBCL in a single tissue sample with a variable proportion between indolent and
aggressive component (hereafter referred to as composite lymphoma); (ll) simultaneous presence of FL and
DLBCL in two different tissue samples (hereafter referred to as discordant lymphoma); (Ill) biopsy-proven
diagnosis of DLBCL after a previous biopsy-proven diagnosis of FL, with no limits in terms of time interval
between the two biopsies. For each specimen, the morphologic aspects of large B-cell and small B-cell
components were described in accordance with the 2008 WHO classification (Swerdlow et al, 2008).
Patients with solely clinical suspicion of transformation were not included in this study.

Based on the type of HT, patients were divided into two groups: Group 1 comprised patients affected by
composite and discordant lymphoma in which transformation occurred at initial diagnosis, and Group 2
included patients who experienced transformation after a previous FL diagnosis. Group 2 patients were
further split into 3 subgroups, depending on pre-HT number of therapies they received: treatment-naive
patients at time of transformation, in which HT occurred after a watch and wait strategy for FL (Group 2A);
patients who received a single therapeutic line pre-HT, since transformation occurred at first
relapse/progression (Group 2B); patients who received at least 2 therapeutic lines for FL pre-HT, and for
which transformation is defined as “late” event, irrespectively of time interval from FL diagnosis to HT
(Group 2C).

Page 2 of 18
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Statistical Analysis

The continuous variable age was summarized as median and range, while categorical variables were
summarized as absolute and percentage frequencies. The comparison of age distribution between two
groups was performed using the non-parametric test of Mann-Whitney, while the Kruskal-Wallis test was
used for the comparison between more than two groups. Categorical variables between groups were
compared by means of the Fisher’s exact test or x* test, when appropriate.

Overall survival (OS) was calculated from the date of histological transformation to date of death due to
any cause or date of last clinical follow-up. Progression-free survival (PFS) was defined as time from the
date of histological transformation to the date of progression or death due to any cause or date of last
clinical follow-up. Survival curves were reported using the Kaplan-Meier estimates and statistical
comparisons between curves were made using the log-rank test. The covariate effect was estimated by
means of the Cox proportional hazard (PH) regression, and the effect was reported as hazard ratio (HR)
with 95% confidence interval (95Cl). All statistical tests were two-sided, and we considered significant p-
value lower than the conventional value of 0.05.

Results

Patient characteristics

One hundred and seventy-six histologically proven t-FL were included and analyzed; HT occurred at initial
diagnosis (Group 1) in 91 cases (52%) and after a previous FL diagnosis (Group 2) in 85 cases (48%).

Group 1 included 82 (47%) patients with composite lymphoma and 9 (5%) patients with discordant
lymphoma. Group 2 included 15 pts (8%) who were treatment-naive at HT (Group 2A), 39 pts (22%) who
transformed at first relapse or progression (Group 2B) and 31 (18%) patients who experienced late HT
(Group 2C). Median age at HT was 60 years (range: 20-83 years).

Baseline demographic and clinical characteristics of patients in different subgroups according to type of
transformation are summarized in Table I. No statistically significant differences in baseline characteristics
between Group 1 and Group 2 were found.

First line treatment modalities for Follicular Lymphoma in Group 2 patients are listed in Table II.

Treatment Modalities for Histological Transformation

In Group 1, 85 patients (93%) received rituximab combined with first-line chemotherapy and 19 patients
(21%) also as maintenance. Seventy-five patients (82%) in Group 1 received CHOP (cyclophosphamide,
doxorubicin, vincristine and prednisone) or CHOP-like regimens. Anthracycline-based induction was
followed by a platinum-based treatment phase in 10 patients (11%) and by cyclophosphamide and
intermediate dose cytarabine in 3 patients (3.5%), this latter treatment strategy being referred to as
sequential therapy; the remaining 2 patients (3.5%) did not receive antrachycline. Consolidation was
delivered to 28 patients (31%) in Group 1 and consisted of ASCT in 13 patients (14%) and radiotherapy in 15
patients (16%). In Group 2, post-HT treatment consisted of CHOP or CHOP-like regimens in 38 patients
(45%), platinum-containing regimens, such as DHAP (dexamethasone, cytarabine, cisplatinum), ICE
(ifosfamide, carboplatinum, etoposide) or ESHAP (etoposide, dexamethasone, cytarabine, cisplatinum), in
15 patients (18%) and high dose sequential therapy in 11 patients (13%). Rituximab was added to induction
chemotherapy in 61 cases (72%) while 10 patients (12%) also received rituximab as maintenance. Twenty-
nine patients (35%) received consolidation, consisting of ASCT in 17 patients (23%), radiotherapy in 5
patients (6%) and radioimmunotherapy in 5 patients (6%). Treatment modalities for HT in both groups are
summarized in Table IlI.

Outcome
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Response
Treatment modalities for HT allowed to achieve a complete remission (CR) in 123 patients (70%) and a

partial remission (PR) in 15 patients (8%), with an overall response rate (ORR) of 78% in the entire study
population.

ORR for patients with HT at initial diagnosis (Group 1) was 94%, with 77 patients (84%) obtaining CR and 9
(10%) PR.

ORR for patients with HT after a previous FL diagnosis (Group 2) was 61%, with 46 pts (54%) achieving CR
and 6 (7%) PR.

The difference in CR rate between Group 1 (84%) and Group 2 (54%) was statistically significant (p<0.001).
In Group 2, the number of therapy lines received pre-HT had a negative correlation with probability to
achieve a CR, since CR rates in subgroups 2A (treatment-naive patients), 2B (HT at first relapse/progression)
and 2C

(late HT) were 80%, 56%, and 39%, respectively (p=0.027).

Survival

With a median follow-up of 44 months (range: 1-179), the post-HT 5-year PFS and 5-year OS of the entire
study population were 47% and 67%, respectively (Fig.1).

Five-year PFS was 59% for patients with HT at initial diagnosis (Group 1) and 33% for patients with HT after
a previous FL diagnosis (Group 2), while 5-year OS was 84% and 51%, respectively; both differences in
survival between the two groups were statistically significant (p<0.001). (Fig.2)

In the entire Group 2, an inverse trend was found between the number of pre-HT lines of therapy and both
PFS and OS. Five-year PFS was 52% in Group 2A with no statistically significant difference with Group 1
(59%) (p=0.248), 25% (HR: 2.89, p<0.001) in Group 2B, and 36% (HR: 3.15, p<0.001) in Group 2C. Likewise,
5-year OS was 72% in treatment-naive patients at time of transformation (Group 2A), with no statistically
significant difference with Group 1 (84%) (p=0.310), 50% (HR: 3.46, p=0.001) in patients who received a
single therapeutic line pre-HT (Group 2B), and 42% (HR: 4.94, p<0.001) in patients who received at least 2
therapeutic lines for FL pre-HT (Group 2C) (Fig.3). Similarly, within Group 2C, 5-year OS was 52% for
patients who received 2 pre-HT lines of therapy and 20% for patients who received more than 2 pre-HT
lines of therapy (p=0.004) (Fig.4).

Additionally, in Group 2 patients’ time to transformation, meant as time interval since first FL diagnosis to
HT, inversely correlated both with OS and PFS: 5-year OS for time to transformation > 12 months vs < 12
months was 56% vs 29% (p=0.023); 5-year PFS for time to transformation > 12 months vs < 12 months was
37% vs 17% (p=0.005) (Fig 5).

Post-transformation treatment strategy and outcome

First-line treatment in Group 1 included anthracycline and rituximab in 96.5% and 93% of patients,
respectively. Five-year PFS in Group 1 was 94% for patients receiving rituximab maintenance versus 83% for
observation (p=0.024), while no statistically significant difference was observed in 5-year OS (p=0.130).
ASCT as first-line consolidation was not associated with any survival advantage, neither in 5-year PFS
(p=0.227) nor in 5-year OS (p=0.130). Similarly, no survival advantage was observed for any other post-
induction consolidation versus observation, both in PFS and OS (p=0.991 and p=0.719, respectively).

In Group 2A and 2B patients, an anthracycline-containing post-HT treatment strategy was associated with
better 5-year OS (75% vs 38%, p=0.017). In Group 2A, 15 of 16 patients were treated with the addition of
rituximab and showed a 5-year OS of 77%. Addition of rituximab to post-HT treatment was associated with
superior 5-year OS in Group 2B (59% vs 25%, p=0.039) and resulted in superior post-transformation PFS in
Group 2C (50% vs 11%, p=0.004). In Group 2 patients, ASCT as consolidation strategy led to superior
survival only in the subgroup of patients who did not receive an anthracycline-containing post-
transformation treatment (5-year OS for ASCT vs no consolidation, 59% vs 29%, p=0.014; 5-year PFS for
ASCT vs no consolidation, 54% vs 21%, p=0.012).
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Discussion

Outcome of tFL in the rituximab-era is controversial, and clinicians have scanty tools to rely on for
discriminating sub-groups of patients with different prognosis in this heterogeneous population. In this
broad retrospective series of patients with histologically proven tFL we explored clinical characteristics
affecting post-transformation outcome; two simple and always available variables such as time to
transformation during FL natural history and number of therapy lines received before transformation
strongly correlated with post-HT survival. We identified two distinct groups of patients: transformed FL at
initial diagnosis, including composite and discordant lymphoma, and transformed FL after an overt indolent
phase and with a miscellaneous treatment history, including both patients managed with a watch and wait
strategy and patients who required a high number of therapy lines. Sample size of both groups favorably
compares to previously reported series (Al-Tourah et al, 2008; Wagner-Johnston et al, 2016; Montoto et al,
2007; Conconi et al, 2012; Link et al, 2013; Ban-Hoefen et al, 2013; Guirguis et al, 2014; Madsen et al, 2015;
Gleeson et al, 2016; Kansara et al, 2016; Ghesquieres et al, 2014; Sarkozy et al, 2016). Notably, in the
present study all patients included had a biopsy proven transformation, thus fulfilling the gold standard test
for transformed lymphomas diagnosis (Montoto, 2015; Casulo et al, 2015). In our analysis, outcome of
patients with transformed FL at initial diagnosis (Group 1) was excellent, with a 5-year PFS and OS of 59%
and of 83%. These results for tFL at initial diagnosis favorably compare to previously reported outcome for
de novo DLBCL treated with R-CHOP (Cunningham et al, 2013; Vitolo et al, 2017) and for non-transformed
FL (Wagner-Johnston et al, 2016; Federico et al, 2013). No plateau was observed in Group 1 survival curves,
which showed a pattern of continuous relapses; this finding is similar to what is expected in non
transformed FL and to what was reported in previous series with composite histology, thus suggesting a
possible different lymphoma biology from de novo DLBC (Magnano et al, 2017). Group 1 patients who
received an anthracycline-based regimen as induction therapy showed an excellent outcome, hence
confirming the key role of doxorubicin, that should be considered as a valid therapeutic option and offered
to this population whenever possible (Casulo et al, 2015; Godfrey et al, 2018). Our data did not show a
survival advantage for ASCT performed as post-induction consolidation; on the contrary, the small
proportion of patients who received rituximab maintenance versus observation had a superior PFS.
Published data in this specific setting are particularly scanty, and clinical and therapeutic implications of the
co-existence of a DLBCL component in a composite or discordant lymphoma are still uncertain at present.
In the pre-rituximab era, a French study reported the outcome of a series of DLBCL with associated indolent
B-cell component, consisting of FL in only 37% of cases; an anthracycline containing regimen was
administered to all patients, while 38% of patients underwent ASCT as part of initial treatment. This
strategy allowed to obtain a 5-year OS of 57%, with similar outcome across various low-grade components.
Not surprisingly, survival data of this cohort are inferior to those reported in the immune-chemotherapy
era, and to those reported in the present survey as well (Ghesquieres et al, 2006). In the National
LymphoCare Study (Wagner-Johnston et al, 2016), 47 patients with transformation at initial diagnosis were
included: 66% of patients in this subgroup received an anthracycline-containing regimen. Even if data on
consolidation in the subpopulation with FL transformed at initial diagnosis are not reported, we can
speculate that the transplanted proportion of patients was very low, since only 2% of the entire study
population underwent ASCT. This therapeutic approach resulted in a 66% 5-year PFS and 88% 5-year OS,
and these results are close to those obtained in the present study. Survival outcome of the largest
published series of composite or discordant lymphomas, which consists in 98 patients from the British
Columbia database, is very close to that here reported (Kansara et al, 2016). Interestingly, in the Canadian
experience the addition of rituximab maintenance after R-CHOP did not result in any advantage in terms of
both PFS and OS, while in our survey we observed an improvement of 5-year PFS for those patients in
Group 1 who received rituximab maintenance compared to observation (94% vs 83%, p=0.024). This
analysis confirms an excellent outcome for the “transformed at initial diagnosis” group in the rituximab era;
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nevertheless, no plateau appears in the survival curves, showing that composite and discordant lymphomas
behave similarly to FL and prompting a potential role for maintenance. Our data, with the limits of a
retrospective assessment, suggest a potential role for rituximab maintenance in transformed at initial
diagnosis lymphomas, that nonetheless needs to be confirmed in a prospective setting. At present, the role
for ASCT as consolidation for HT at initial diagnosis has not been clearly established. In Group 1 we did not
detect any advantage for any consolidation, and our data suggest that ASCT can be safely omitted in
transformed lymphoma at initial diagnosis, accordingly with recently published recommendations (Godfrey
et al, 2018). This data is in keeping with the previously reported excellent outcome for
composite/discordant lymphoma with standard rituximab-chemotherapy: 34 patients with
composite/discordant lymphoma obtained similar survival rate at 5 years, irrespectively to ASCT as
consolidation (Madsen et al, 2015). Excellent outcome with standard anthracycline-containing immuno-
chemotherapy induction for composite lymphoma without ASCT consolidation has been confirmed by
recent studies (Magnano et al, 2017; Behad et al, 2017). Group 2 includes 85 patients in which HT occurred
after a previous FL diagnosis, treated in a large proportion with rituximab in combination with different
chemotherapy regimens, containing anthracycline in only 45% of cases. Looking at Group 2 as a whole,
outcome in terms of response and survival is inferior to the one reported in Group 1, pointing out that
transformation after an overt history of FL is a worse condition than transformation at initial diagnosis.
Group 2 population is considerably heterogeneous, since it includes both treatment-naive and heavily pre-
treated patients before transformation. Our analysis shows that a shorter interval between FL diagnosis
and HT determines a worse survival outcome, thus confirming a worse prognosis for earlier transformation
(Link et al, 2013). Notably, Group 2 survival outcome is superimposable to that of the unfavorable subgroup
of not-transformed FL patients who experienced an early event after R-CHOP first-line (Casulo et al, 2015).
Five-years PFS and OS, 33% and 51% respectively, are superior to survival data reported in the pre-
rituximab era (Al-Tourah et al, 2008; Montoto et al, 2007) and do not significantly differ from those
reported in the majority of studies conducted in the rituximab era (Conconi et al, 2012; Link et al, 2013;
Ban-Hoefen et al, 2013; Guirguis et al, 2014; Madsen et al, 2015; Gleeson et al, 2016). In the present
analysis, the number of therapies received for FL prior to HT emerges as a crucial prognostic factor for post-
transformation outcome. Indeed, we demonstrated a significant survival difference between treatment-
naive patients at time of transformation (Group 2A) compared to patients who received a single
therapeutic line pre-HT (Group 2B) and to patients who received at least 2 therapeutic lines for FL pre-HT
(Group 2C). Complete remission rate and survival in Group 2A are superimposable to those we described in
Group 1 and superior to those observed in Group 2B and 2C, thus confirming, in keeping with previous
reports, a better post HT outcome for treatment-naive patients (Ban-Hoefen et al, 2013; Lerch et al, 2015;
Madsen et al, 2015; Wagner-Johnston et al, 2016). Group 2A survival curve showed a clear and early
plateau, connotating transformation in the treatment-naive setting as a highly curable condition. Post-HT
treatment with rituximab and anthracycline was beneficial, in terms of CR achievement and survival, for
most Group 2 patients. Post-HT prognosis of the entire Group 2C is significantly inferior respect to Group 1,
2A and 2B. Prognosis inside Group 2C was poorer in the subgroup of patients who received more than two
pre-HT therapeutic lines, with a median OS inferior to 12 months in this subgroup; this dismal survival
outcome is not dissimilar to that reported in the DLBCL refractory setting (Crump et al, 2017). These data
confirm the previous finding that, in the pre-treated setting, the number of therapeutic lines for FL
inversely correlates with prognosis after transformation (Madsen et al, 2015). Group 2B patients, for which
HT occurred at first event after a single therapeutic line for FL, achieved a long-term outcome, superior to
the one described in a similar subgroup in the PRIMA trial; in the prospective international trial 40 patients
experienced biopsy proven transformation after immuno-chemotherapy and rituximab maintenance.
Notably, the most frequent schedule for induction phase was R-CHOP, and HT occurred during the first year
of follow-up in the majority of patients: both these characteristics confer an unfavorable prognosis to the
transformed population. In this setting, CR rate was 50.3% and median survival after transformation was
3.8 years; a significant survival advantage was obtained by consolidation with ASCT (median OS not reached
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vs 1.7 years) (Sarkozy et al, 2016). More recently, an international study analyzed 439 biopsy proven
transformation occurring at first event in a large cohort of FL, and survival after transformation was 41% at
5 years (Federico et al, 2018). Outcome of Group 2B is consistent with both previous reports on HT as first
event. In the entire Group 2, the delivery of any consolidation strategy versus observation after post-HT
treatment was associated with a survival advantage, while ASCT as consolidation strategy led to superior
survival only in the subgroup of patients who did not receive an anthracycline-containing post-
transformation treatment. On the other hand, patients who did not receive anthracycline at transformation
were in large part exposed to the drug for FL treatment, and probably represent an unfavorable subgroup
that can benefit from autologous transplant. The role of ASCT in tFL after a previous FL diagnosis in the
rituximab era is debated, since some of the available reports demonstrated a survival advantage for
transplanted patients (Alonso-Alvarez et al, 2017; Sarkozy et al, 2016; Villa et al, 2013) while others did not
(Link et al, 2013; Lerch et al, 2015). Notably, some studies clearly identified a favorable subset of tFL
patients, mainly treatment- or antrachycline-naive patients at HT, with excellent outcome without
transplantation (Ban-Hoefen et al, 2013; Madsen et al, 2015). Different definitions of transformation and
inhomogeneous criteria for ASCT eligibility might bias comparison between studies, not enabling to draw
definitive conclusions on the role of transplantation.

In conclusion, outcome of tFL in the rituximab era confirms to be better than reported in historical series,
also in a large real-life experience, and strongly differs according to time to transformation and to number
of pre-HT treatment lines. Time to transformation and number of pre-HT treatment lines are two simple
and always accessible clinical variables that should be considered when defining a treatment strategy for
tFL, which, while reliable data from prospective trials are still lacking, should be tailored and individualized.
Transformed FL at initial diagnosis showed an excellent outcome with standard immuno-chemotherapy; a
longer follow-up would be necessary to clarify a pattern of late relapses in this subpopulation. Rituximab
maintenance versus observation in the transformed FL at initial diagnosis allowed to obtain a PFS
advantage, and its role should be investigated in a prospective manner. With the limits of a retrospective
data collection, our analysis suggests that ASCT should be avoided in treatment-naive tFL patients and
strongly considered if transformation occurred in a short interval from initial diagnosis and after at least
one therapeutic line for FL, especially if anthracycline-containing. Finally, transformation after more than 2
two previous lines for FL showed a dismal prognosis, with a post-HT median survival less than one year, and
clearly represents an unmet clinical need that might benefit from novel therapeutical approaches, such as
CAR-T.
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Fig 1. Survival after transformation of the entire study population.

(A) 5-year PFS was 47%. (B) 5-year OS was 67%.
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Fig 2. Survival after transformation in patients with HT at initial diagnosis (Group 1) and with HT after a
previous FL diagnosis (Group 2).

(A) 5-year PFS was superior in Group 1 vs Group 2 (59% vs 33%, p<0.001). (B) 5-year OS was increased in
Group 1 vs Group 2 (83% vs 51%, p<0.001).
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Figure 3
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Fig 3. Survival after transformation according to the number of previous therapies.

(A) 5-year PFS was similar in treatment naive patients at transformation, considering patients with
transformation at initial diagnosis (Group 1) and patients with transformation after a watch and wait policy
(Group 2A) (59% vs 52%, p=0.248), and inferior in patients who transformed at first relapse or progression
(Group 2B: 25%, HR: 2.89, p<0.001) and in patients who received at least two therapeutic lines pre-
transformation (Group 2C, 36% , HR: 3.15, p<0.001) (B) 5-year OS was similar in treatment naive patients at
transformation, considering patients with transformation at initial diagnosis (Group 1) and patients with
transformation after a watch and wait policy (Group 2A) (83% vs 72%, p=0.310), and inferior in patients
who transformed at first relapse or progression (Group 2B: 50%, HR: 3.46, p=0.001) and in patients who
received at least two therapeutic lines pre-transformation (Group 2C, 42% , HR: 4.94, p<0.001)
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Fig 4. Overall survival after transformation in patients in which HT occurred after at least two therapeutic
20 lines (Group 2C): patients who received more than two lines pre-HT had inferior outcome (5-year OS 20% vs
21 52%, p=0.004)
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Figure 5
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Fig 5. Survival after transformation according to the time to transformation in patients with HT after a
previous FL diagnosis (Group 2).

(A) 5-year PFS was superior in patients with a time to transformation > 12 months vs < 12 months (37% vs
17%, p=0.005). (B) 5-year OS was superior for patients with a time to transformation > 12 months vs < 12
months (56% vs 29%, p=0.023).
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Table I. Patient characteristics and subgroups according to the type of transformation

Group 1 Group 2
(n=91) (n=85)
Group 2A Group 2B Group 2C
(n=15) (n=39) (n=31) p
Age, years | median (range) 62 (28-83) 51 (34-77) 64 (42-84) 68 (27-87) 0.053
n (%) n (%) n (%) n (%)
Age <60 37 (41) 8 (53) 11 (28) 10 (32) 0.161
> 60 54 (59) 7 (47) 28 (72) 21 (68)
Sex M 51 (56) 8 (53) 24 (62) 22 (70) 0.283
F 40 (44) 7 (47) 15 (38) 9 (30)
Symptoms | A 75 (82) 11 (73) 32 (82) 21 (68) 0.344
B 16 (18) 4(27) 7(18) 10(32)
Ann Arbor | I-ll 29 (32) 5(33) 9 (24) 11 (37) 0.621
Stage -1v 62 (68) 10 (67) 30 (76) 20 (63)

Legend Table I:

Group 1: transformation at initial diagnosis; Group 2: transformation after FL diagnosis; Group 2A:
transformation after watch and wait; Group 2B: transformation after a single therapeutic line for FL; Group
2C: transformation after at least two therapeutic lines for FL
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Table IlI. First line treatment for Follicular Lymphoma in Group 2 patients with transformation after FL

diagnosis (Group 2)
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Therapy Group 2A | Group 2B | Group 2C
n (%) n (%) n (%)

First line treatment W&W 15 (100) 1(3) 1(3)
CHOP/CHOP-like 14 (36) | 20 (64)
Radiotherapy 3(7) 3(10)
CVP 4 (10) 6 (20)
Fludarabine 14 (36)
Bendamustine 1(3) 1(3)
Others 2 (5)

First line Rituximab 21 (54) 16 (52)

Rituximab maintenance 2 (5) 4 (13)

First line consolidation Radiotherapy 3(50) 2 (67)
ASCT 1(17) 1(33)
Others 2 (33)

Total 15 39 31

Legend Table Il:

ASCT: autologous stem cell transplantation; CHOP: cyclophosphamide, doxorubicin, vincristine, prednisone;
CVP: cyclophosphamide, vincristine, prednisone; Group 2: transformation after FL diagnosis; Group 2A:
transformation after watch and wait; Group 2B: transformation after a single therapeutic line for FL; Group

2C: transformation after at least two therapeutic lines for FL; W&W: watch and wait
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Table lll. Treatment modalities for HT

Group 1 Group 2

Therapy 2A 2B 2C

n (%) n (%) n (%) n (%)

oNOYTULT D WN =

Chemotherapy for tFL CHOP/CHOP-like 75 (82) 9 (60) 17 (44) 12 (38)

9 Platinum-based 10(11) 7 (18) 8 (26)

10 Sequential therapy 3 (3.5) 5 (33) 6 (15)

1 cvp 2(5)

Lenalidomide 1(3)

Bendamustine 3(10)

15 Radiotherapy alone 1(3)

16 Palliative care 3(10)

17 Others 3(3.5) 1(7) 7 (18) 3(10)

18 Rituximab for tFL 85 (93) 14 (93) 28 (72) 19 (61)

19 Rituximab maintenance post
20 tFL 19 (22) 4(27) 3(8) 3(10)

Consolidation post-tFL Radiotherapy 15 (53) 1(17) 3(20) 1(13)

ASCT 13 (46) 3 (49) 9 (60) 4 (50)

AlloTx 1(13)

25 Radioimmunotherapy 1(17) 3 (20) 2 (24)

26 Others 1(17)

27 Total 91 15 39 31

30 Legend Table Ill:

ASCT: autologous stem cell transplantation; Allotx: allogeneic transplantation; CHOP: cyclophosphamide,
33 daunorubicin, vincristine, prednisone; CVP: cyclophosphamide, vincristine, prednisone; Group 1:

34 transformation at initial diagnosis Group 2: transformation after FL diagnosis; Group 2A: transformation

35 after watch and wait; Group 2B: transformation after a single therapeutic line for FL; Group 2C:

36 transformation after at least two therapeutic lines for FL; Platinum-based regimens: dexamethasone, Ara-C,
37 cisplatinum (DHAP), etoposide, dexamethasone, Ara-C, cisplatinum (ESHAP), ifosfamide, carboplatinum,
etoposide (ICE); sequential therapy: anthracycline based short induction, CVP, intermediate dose Ara-C
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